The relationship between body fat indexes, lipid and lipoprotein levels, and blood pressure was studied in 2230 children, each examined during 1973, 1976, and 1978. The children were grouped with the use of seven percentile (P) intervals of triceps skinfold thickness that were specific for race, sex, and age; cardiovascular risk factor variables were assessed over time. Of the 238 children initially in the lowest P group (<15P), 44% remained there, and 65% had skinfold thicknesses below 30P on the three occasions. Of the 352 children in the highest P group ('85P), who were considered to be very obese, 39% remained at this level while 69% remained at 70P or greater. Of the 366 considered to be obese (.70, <85P), 38% remained at or above 70P. At baseline, children in the seven groups differed in weight, ponderosity (wt/ht3), systolic and diastolic blood pressures, serum triglyceride levels, and pre-,/and ,B-lipoprotein cholesterol levels. Pairwise comparison of data from children in each of the six other groups with those from children in the middle range (.40, <60P) showed that the obese and very obese children had significantly higher systolic blood pressures (p < .05), while only those in the highest P group had significantly greater diastolic blood pressures (p < .05). These differences increased and diverged over time. Those in the obese and very obese groups showed a striking drop over time in a-lipoprotein cholesterol levels and increases in pre-3-lipoprotein cholesterol levels and systolic blood pressure. Triglyceride levels decreased over time for the lowest and middle range groups but remained at higher levels in obese and very obese children. There was a strong tendency for tracking (remaining in the same P group over time) in lean, obese, and very obese children. Those who tracked showed definite differences in risk factor variables at the baseline level and over time when compared with the middle range group. Since consistent obesity in early life enhances cardiovascular risk, the measurement over time of skinfold thickness in children is a useful method to detect the potential for adult cardiovascular disease. Circulation 69, No. 5, 895-904, 1984. 
OBESITY is positively associated with cardiovascular risk factors such as hypertension, diabetes mellitus, and abnormal lipid and lipoprotein levels in adults. ' Although it has been related to other risk factor variables-9 in children, there is little information on effects of persistent obesity in early life. Because obesity can begin in childhood, it is important to determine the level at which it begins to influence cardiovascular risk. Individuals who have been obese from childhood are of particular interest in the study of the early natural history of obesity and its relationship to the development of cardiovascular disease.
Although no precise definition of obesity in a general population of children has been established, the tendency for a child to maintain over time the same relative rank in a distribution ("tracking'") has important implications for subsequent adult cardiovascular disease. As part of the Bogalusa Heart Study, the effect of persistence of levels of obesity and leanness was studied over a 5 year period in children initially 2½/2 to 14 years old.
Materials and methods
Population and general screening methods. The Bogalusa Heart Study population and screeening methods have been detailed previously.9 This is a total community study of 5000 children residing in the described area of Bogalusa, LA. The Selection of the groups for analysis. Among the 4238 children examined at year 1, 2236 were also present for crosssectional examinations in both years 4 and 6. Age-race-sexspecific percentiles for triceps skinfold thickness were calculated for each child and each year with data from the entire population screened in the given year, thus minimizing confounding variables due to age, race, and sex. Racial contrasts of risk factor variables noted earlier6 were not brought out in these analyses. Missing data or inability to calculate selected percentiles for the small number of observations in a particular agerace-sex group reduced the population to 2230 individuals. Those children not examined during the three cross-sectional studies were generally no longer age-eligible for these surveys rather than being lost to follow-up. Previous work with this population'4 showed that no bias was introduced by examining only those age-eligible for the three surveys.
Children were grouped with the use of seven percentile intervals of triceps skinfold thickness. Intervals were arbitrarily defined as follows: Group I included very lean children whose 896 skinfold thicknesses were below the 15th percentile, group 11 included those who were lean (skinfold thicknesses in the 15th through 29th percentiles), group 111 those who were intermediately lean (30th through 39th percentiles), group IV those in the middle range (40th through 59th percentiles), group V those who were intermediately obese (60th through 69th percentiles). group VI those who were obese (70th through 84th percentiles). and group VII those who were very obese (skinfold thicknesses in the 85th percentile or higher). Longitudinal analyses were performed on data from the 2230 children who were examined three times.
Statistical analysis. For children examined during years 1. 4, and 6 (n = 2230), a one-way analysis of variance (ANOVA) compared risk factor variables among the seven intervals at year 1. For those 410 children who tracked, i.e., remained consistently in the same skinfold interval over years 1, 4, and 6, a repeated-measures ANOVA with skinfold thickness percentile as the blocking factor compared risk factor variables at the three times measurements were obtained. This analysis assessed the interrelationships of the risk factor variables with obesity. Analysis of differences among times within each percentile group refined the repeated-measures ANOVA. 1 ' Value for weight and ponderosity were common-log transformed.
Since comparisons among children in different skinfold thickness percentile groups would be confounded in a repeatedmeasures design, a multivariate analysis of variance was used. This method considers the correlation of three measurements within the same person over time.
Results
Results are shown for 2230 children examined on three occasions. Table 1 presents the race-sex frequency distribution at year 1 by percentile of triceps skinfold thickness. Of the seven groups selected, the middle range group represents children near the median of their age-race-sex-specific peer group. The remaining intervals below and above the middle range were arbitrarily chosen to represent different levels of leanness and obesity.
A comparison of cardiovascular risk factor variables at year 1 among children in the seven groups (table 2) indicated that there were highly significant differences in the mean levels for weight, ponderosity (wt/ht3), systolic and diastolic blood pressures, triglycerides, pre-f3-lipoprotein cholesterol (p < .0001, F test), /3lipoprotein cholesterol/a-lipoprotein cholesterol (p < .0025), and f8-lipoprotein cholesterol (p < .05). No difference was found for the other parameters considered. Further analysis of blood pressure variables, comparing data from each of the six other groups with the middle range, revealed that the mean systolic blood pressures of groups VI and VII exceeded those in the middle range, while that of group I was lower (p < .05, Dunnett's t). 16 However, for diastolic blood pressure only group VII differed significantly from the middle range (p < .05, Dunnett's t).
A cross tabulation of frequency distributions for groups I, IV, and VII at year 1 and subsequently at years 4 and 6 is shown in table 3. Of the 238 children in the very lean group at year 1, 104 (43.7%) remained in the same group on two subsequent occasions of measurement, and 154 (64.7%) had skinfold thicknesses below the 30th percentile on these occasions. Similar patterns were seen for the middle-range group; 67 children (14.7%) in this group remained there over the three points of measurement. Also, 199 (43.5%) had skinfold thicknesses remaining between the 30th and 70th percentiles during this time. The very obese group (group VII) included 352 children at the first examination and 138 (39.2%) remained in the same group at the next two observations. In groups II (lean) and VI (obese) 11 .5% and 13.1 % of the children, respective-Vol. 69, No. 5, May 1984 ly, tracked within the same interval. In group II 39.4% of the children remained below the 30th skinfold percentile at years 4 and 6, and 38.3% of those in group VI remained above the 70th percentile at years 4 and 6.
There were 410 children who consistently tracked in the designated groups over time. A total of 104 children remained in group I, and 38, 6, 67, 9, 48, and 138 tracked in groups II through VII, respectively. Because of small sample size, in subsequent analyses data from groups III and V were excluded. Children who tracked in group I over the 5 years were less ponderous (11.6 vs 12.3 kg/m3; p < .0005) when compared with the nontrackers originally in group I at year F test). Divergence was demonstrated in values for weight (figure 1) and ponderosity (figure 2) over the 5 year period in that the children in groups VI and VII (skinfold thicknesses at and above the age-race-sexspecific 70th percentile) were considerably different from those in the other groups in these respects. Blood pressure levels (especially systolic) were persistent in the respective percentile groups ( figure 3 ). There is a significant interaction between time (year) and level of obesity as quantitated by triceps skinfold thickness. These data do not take into account the influence of obese and markedly obese children differ from those in the other groups with respect to their cardiovascular risk factor variables. The ratio ,3-lipoprotein cholesterol/a-lipoprotein cholesterol followed a similar trend (figure 6). Since trends over time were not parallel for weight, ponderosity, blood pressure, a-lipoprotein cholesterol 
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lipoprotein cholesterol in the lean group (II), all differences over time were significant. In general, children with variable values at and below the middle range followed one trend of change over time and those tracking at and above the 70th percentile followed another.
Although mean values for risk factor variables differed significantly (p < .05 to p < .0001) among the children in the seven groups at each year of examination, the more noteworthy finding is the increasing magnitude of these differences. For example, the mean ponderosity indexes for groups I and VII differed by 4 6 1 4 6 YEAR FIGURE 4. Comparison of changes in serum total cholesterol and triglyceride levels among children in the various skinfold thickness groups. The rate of increase in fasting serum triglyceride levels for children in the high percentile group was greater than for those in the low group. Bogalusa Heart Study, 1973-1979. 4.92 kg/m3 at year 1, by 6.17 kg/m3 at year 4, and by 6.84 kg/m3 at year 6 (figure 2). Similar divergence was noted for serum triglycerides and pre-,8-lipoprotein cholesterol (increasing levels) and a-lipoprotein cholesterol (decreasing levels) in obese children. The Z scores for serum triglycerides in figure 4 differed by 0.43, 0.66, and 0.73 at years 1, 4, and 6, respectively; for pre-f3-lipoprotein cholesterol and at-lipoprotein cholesterol (figure 5) the differences were 0.35, 0.79, and 0.81 for the former and 0. 12, 0.84, and 0.56 for the latter. Clear patterns of divergence over the 5 years indicate an accelerated trend toward elevated adult levels for risk factors in obese and very obese children. Comparable results were observed when ponderosity percentile intervals (wt/ht3) were used instead of skinfold thickness percentile intervals.
Discussion
Tracking is an important consideration in the study of obesity, especially since obesity begins early in life. Abraham and Nordsieck'9 studied obesity in 120 adults who had been previously examined in childhood. They showed that 86% (43 of 50) of overweight boys and 80% (40 of 50) of overweight girls became overweight adults when they defined overweight as 20% or more above the average weight for a given sex, race, and height. Using median weights (race and sex specific for ages 6 to 17 years, and sex specific otherwise,2023) TABLE 3 Frequency distribution on two subsequent examinations (years 4 and 6) of children in selected groups (I, IV, or DMissing skinfold value at year 6 for one child. we found that 20% overweight represents approximately the 70th percentile of skinfold thickness as used in this study. Voors et al. 24 25 defined obesity using quintiles of weight/height277 and demonstrated that, as shown in this study, children going through the adolescent growth spurt tend to track in extreme groups. Those in the respective adjacent percentile groups (lean, II and obese, VI) were less consistent, often moving toward the extremes.
High blood pressure has been associated strongly with obesityt both in children and adults. It has been suggested that increased blood volume and cardiac output,26' 27 sodium intake,28' 29 and steroid production are related to hypertension in obesity. Reisin colleagues30' 31 have shown that weight reduction without reduction of sodium intake can control hypertension. Weight, triglycerides, and high-density lipoprotein cholesterol levels have been shown to be significantly associated with diastolic blood pressure in the National Heart, Lung and Blood Institute twin study.32 Similarly, Lauer et al.5 showed that of those children in the upper decile of body weight, 29% had systolic blood pressure and 28% had diastolic blood pressure levels in greater than the 90th percentile. The same association was found by Webber et al. 7 and by Voors et al. ,25 who observed aggregation of risk factor variables at high levels. Since we have noted that 20% to 30% of children, especially white children, with hypertension are obese,33 weight control in early childhood seems important for prevention of one major risk factor in a large segment of the population, especially when the association persists as shown here. The important role of obesity in early hypertension is emphasized by the observations of Messerli et al. 34 They showed that the relationship between early essential hypertension, increased total volume and cardiac output, and other hemodynamic changes are exaggerated in obese subjects. 27 Obesity and high relative weight apparently influence levels of serum lipids and lipoproteins in children.5'6 As would be expected from observations in adults, 35 1~.
...d body habitus, while a-lipoprotein level correlated negatively. It is interesting that in our previous studies most significant correlations between serum lipids and lipoproteins and anthropometric variables were observed in white children. 9 40 A close interrelationship between obesity and carbohydrate-insulin metabolism was also found in a more in-depth study of children stratified by serum lipoprotein levels.4' A linkage of obesity and elevation of levels of serum lipids and pre-13-and /3-lipoproteins, accompanied by hyperinsulinism, was noted even in those without morbid obesity. Epidemiologic evidence suggests that obesity over time is associated with insulin resistance and increased triglyceride and pre-,3lipoprotein production. In *-x <15i, N=74 FIGURE 6. Comparison of changes in mean serum -/ca:-lipoprotein cholesterol ratios among children in various skinfold thickness groups. Very obese and obese groups showed the greater increase and very lean and lean groups showed smaller increases. Bo 
..I ation between obesity, diabetes mellitus, and increased morbidity42' 43 has been documented. Although a larger number of the nontracking children may experience a greater number of cardiovascular events as adults, it is likely that the influence of persistent obesity will be expressed with proportionally much higher morbidity. An investigation of nontrackers would have to be a multifaceted one probing how nontracking occurs (i.e., the various possible patterns of change followed by nontrackers), but would be of interest. The gross comparisons of trackers and nontrackers in table 4 show that these groups begin to differ consistently for all risk factor variables in the very obese group. Consequently, the effect of obesity of long duration and tracking as noted here in specific children cannot be ignored.
These observations indicate a continued relationship of body habitus in early life to blood pressure, serum lipid, and lipoprotein levels and longitudinal patterns of cardiovascular risk. Obesity in childhood, even at levels not considered to be extreme in free-living populations, seems to have a threshold effect near the 70th percentile of skinfold thickness. Therefore, early identification of children at and above this level becomes important. Progressively increasing risk factor levels over time make identification of these children even more important, since they become those for whom there are clusters of multiple risk factors.7 Based on epidemiologic studies of adults the association of multiple risk factors may progress to clinical manifestations of cardiovascular disease. The divergence of risk factors in obese children as they grow points out that relatively small absolute differences in mean levels are important. Under practical conditions these children can be identified with the use of single anthropometric measurements. The tracking observed for obesity emphasizes the importance of intervention to influence childhood eating and exercise patterns, which is possibly far more important than is presently thought by epidemiologists.
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